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(54) mpparatus and method for generating progressive polygon data 



(57) The present invention provides a 3D real-time 
graphics generator (Fig.1) for generating progressive 
polygon data for rendering 3D graphics that can reduce 
the amount of data processing by a computer and a stor- 
age area(106) for polygon data, and facilitates editing 
of an object by using the progressive polygon data so 
as to reduce the amount of work of an animator. The 
progressive polygon data includes information about 



vertices of a basic polyhedron approximate to the shape 
of a 3D object and information about detailed vertices 
of a polyhedron in a level of approximation to the object 
that is higher than the basic polyhedron, which are de- 
termined progressively based on the level of approxi- 
mation. In the generation of 3D real-time graphics, de- 
tailed vertices are sequentially merged (1 026) into the 
vertices of the basic polyhedron so as to produce 3D 
polygon data. 
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Description 



[0001] The present invention relates to an apparatus 
and a method for generating progressive polygon data, 
and an apparatus and a method for generating three- 
dimensional real-time graphics using the progressive 
polygon data. 

[0002] In recent years, in the field of computer graph- 
ics (hereinafter, referred to as "CG"), a variety of circuit 
boards dedicated to three-dimensional (hereinafter, re- 
ferred to as "3D") representation (hereinafter, simply re- 
ferred to as 'boards") and machines for rendering 3D 
graphics are commercially available. Among these, in- 
expensive boards are available to be built into a person- 
al computer (hereinafter, referred to as "PC"), as Win- 
dows 95® and Windows NT® become widespread. 
Moreover, inexpensive game machines making use of 
such boards are also available. 
[0003] Under these circumstances, most boards and 
game machines represent data for 3D graphics as pol- 
ygons. Boards that handle polygons range from high- 
performance boards to low-performance boards. For 
example, in a high-performance board, a fine 3D object 
(hereinafter, referred to as "object") can be rendered 
with 10,000 polygons, whereas in a low-performance 
board, it is necessary to render an object with about 500 
polygons. 

[0004] Conventionally, when a creator of animation 
(hereinafter, referred to as "animator") produced real- 
time animation with an animation tool such as Softim- 
age® (product of Microsoft Co.), at least 30,000 poly- 
gons were generally required. 

[0005] However, in order to render graphics in real 
time on a currently available PC, 2,000 is the maximum 
number of polygons for use in rendering. Moreover 
when a plurality of objects are rendered simultaneously, 
it is necessary to restrict the total number of polygons 
for rendering all objects to about 2,000 polygons. 
[0006] Japanese Laid-Open Patent Publication 
(Tokkai-Hei) No.7-85307 discloses a technique for the 
reduction of the polygon data used for rendering an in- 
dividual object, when a plurality of objects are rendered. 
In this technique, a plurality of sets of polygon data that 
have different resolutions are prepared previously, and 
the resolutions are changed depending on what is ren- 
dered, e.g., what kind of behavior is rendered or the like. 
[0007] This method makes it possible to reduce the 
number of polygons according to the behavior ol an ob- 
ject or the like when rendering the object, so that this 
method is effective to display a plurality of objects on 
the screen. 

[0008] When an animation is stored in the form of pol- 
ygon data, a large storage area is generally required for 
storing one animation. The above-described technique 
requires a large amount of polygon data corresponding 
to a plurality of resolutions to be stored previously, so 
that a large storage area is necessary for storing the 
polygon data. 



[0009] Furthermore, in the above-described tech- 
nique, since the same polygon data cannot be used for 
machines with different performance, it is necessary to 
prepare as many sets of animation as performance lev- 
5 els of the machines. Therefore, not only a large storage 
area is necessary, but also a large amount of work is 
required from the animator. 

[0010] Therefore, with the foregoing in mind, it is an 
object of the present invention to provide an apparatus 
10 and a method for generating progressive polygon data 
that makes it possible to reduce the storage area for pol- 
ygon data, and an apparatus and a method for gener- 
ating 3D real-time graphics that makes it possible to re- 
duce the work of the animator by using this progressive 
is polygon data. Furthermore, it is another object of the 
present invention to provide a recording medium storing 
a program for realizing these methods and a recording 
medium storing the progressive polygon data. 
[0011] In order to solve the above-described prob- 
20 lems, a progressive polygon data generator includes a 
basic vertex determinator for determining vertices of a 
basic polyhedron approximate to a shape of a 3D object, 
a detailed vertex determinator for determining vertices 
of a polyhedron in a level of approximation to the object 
25 that is higher than the basic polyhedron progressively, 
based on the level of approximation, and a detailed ver- 
tex coordinate calculator for progressively calculating 
coordinates of vertices of a polyhedron determined by 
the detailed vertex determinator in a coordinate system 
30 determined based on a plurality of predetermined verti- 
ces of a polyhedron in a level of approximation that is 
lower than the polyhedron. 

[0012] In one embodiment of the present invention, 
the basic vertex determinator determines vertices of the 
35 basic polyhedron by selection of an operator. . 
[001 3] According to another aspect of the present in- 
vention, a progressive polygon data generator includes 
a basic vertex determinator for determining vertices of 
polygons approximate to cross-sections virtually seg- 
40 menting a 3D object as vertices of a basic polyhedron 
approximate to a shape of the 3D object, a detailed ver- 
tex determinator for determining vertices of a polyhe- 
dron in a level of approximation to the object that is high- 
er than the basic polyhedron progressively based on the 
45 level of approximation, and a detailed vertex coordinate 
calculator for calculating coordinates of vertices of a pol- 
yhedron progressively determined by the detailed ver- 
tex determinator in a coordinate system determined 
based on a plurality of predetermined vertices of a pol- 
50 yhedron in a level of approximation that is lower than 
the polyhedron. 

[0014] Preferably, when points at which line segments 
represented by original polygon data obtained by geo- 
metric modeling of the 3D object intersect a face virtually 
55 bisecting the object are selected as control points so as 
to form a second polygonal shape by connecting the 
control points, the polygon approximate to each cross- 
section is a quadrilateral defined by four vertices that 
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divide a total length of sides of the second polygonal 
shape into four equal lengths. 

[0015] Preferably, the detailed vertex determinator 
progressively determines vertices of a polygon the 
number of which is increased so that the level of approx- 
imation to the cross-section is higher than the polygon 
approximate to the cross-section as detailed vertices, 
based on the increased number of vertices. This is be- 
cause information about the position of the detailed ver- 
tex can be stored in a simplified form. 
[001 6] Preferably, the detailed vertex determinator in- 
cludes an approximation level calculator for calculating 
a difference between a length of each side of the quad- 
rilateral and a total length of sides of the second polyg- 
onal shape between both ends of each side of the quad- 
rilateral, a comparator for comparing the difference cal- 
culated by the approximation level calculator with a pre- 
determined value, and a progressive vertex determina- 
tor for determining a point that divides into two equal 
lengths the total length of the sides of the second polyg- 
onal shape between both ends of the side of the quad- 
rilateral as a vertex of a polygon in a higher level of ap- 
proximation when the comparator determines that the 
difference is the predetermined value or more, and not 
determining a vertex of a polygon in a higher level of 
approximation when the difference is determined to be 
smaller than the predetermined value. When a vertex of 
a polygon in a higher level of approximation is deter- 
mined by the progressive vertex determinator, the ap- 
proximation level calculator calculates the difference 
with respect to a newly produced side of the polygon 
whose vertex is determined, and the progressive vertex 
determinator determines a vertex of a polygon in a high- 
er level of approximation recursively, until the progres- 
sive vertex determinator no longer determines a vertex 
of a polygon in a higher level of approximation. When 
the detailed vertex is determined by this process, it is 
possible to produce suitable 3D polygon data in accord- 
ance with the number of 3D polygons that are desired 
to be used for rendering. 

[0017] Preferably, the detailed vertex determinator in- 
cludes an approximation level calculator for calculating 
a difference between an area of each face of the basic 
polyhedron and an area on a surface of the 3D object 
defined by line segments connecting vertices of each 
face of the basic polyhedron, a comparator for compar- 
ing the difference calculated by the approximation level 
calculator with a predetermined value, and a progres- 
sive vertex determinator for determining a new vertex 
closer to the surface of the 3D object than the face when 
the comparator determines that the difference is the pre- 
determined value or more, and not determining a new 
vertex when the difference is determined to be smaller 
than the predetermined value. When a new vertex is de- 
termined by the progressive vertex determinator, the ap- 
proximation level calculator calculates a difference in 
the area with respect to a polyhedron defined by the face 
and the new vertex, and the progressive vertex deter- 



minator determines a vertex of a polygon in a higher lev- 
el of approximation recursively, until the progressive 
vertex determinator no longer determines a new vertex. 
When the detailed vertex is determined by this process 
5 as well, it is possible to produce suitable 3D polygon da- 
ta in accordance with the number of 3D polygons that 
are desired to be used for rendering. 
[0018] Preferably, the progressive vertex determina- 
tor determines as the new vertex a point at which a nor- 
10 mal line from a centroid of a corresponding face of a 
polyhedron intersects a face represented by original pol- 
ygon data obtained by geometric modeling of the 3D ob- 
ject. This makes it possible to obtain suitable vertices 
for producing 3D polygon data. 
is [0019] According to another aspect of the present in- 
vention, a method for generating progressive polygon 
data includes a basic vertex determining step of deter- 
mining vertices of a basic polyhedron approximate to a 
shape of a 3D object, a detailed vertex determining step 
20 of determining vertices of a polyhedron in a level of ap- 
proximation to the object that is higher than the basic 
polyhedron progressively based on the level of approx- 
imation, and a detailed vertex coordinate calculating 
step of calculating coordinates of vertices of a progres- 
25 sively determined polyhedron in a coordinate system 
determined based on a plurality of predetermined verti- 
ces of a polyhedron in a level of approximation that is 
lower than the polyhedron. The detailed vertex deter- 
mining step and the detailed vertex coordinate calculat- 
30 ing step are performed until the level of approximation 
reaches a predetermined level of approximation. 
[0020] Preferably, the level of approximation is deter- 
mined by comparing a difference between an area of a 
face of a polyhedron defined by a vertex determined by 
35 the detailed vertex determining step and a plurality of 
predetermined vertices used for determining a coordi- 
nate system in the detailed vertex calculating step and 
an area of a potion corresponding to the face of the pol- 
yhedron represented by original polygon data obtained 
40 by geometric modeling of the object with a predeter- 
mined value. When the detailed vertex is determined by 
this process, it is possible to produce suitable 3D poly- 
gon data in accordance with the number of 3D polygons 
that can be used for rendering. 
45 [0021] According to still another aspect of the present 
invention, a computer-readable recording medium stor- 
ing a program is provided. The program includes a basic 
vertex determining step of determining vertices of a ba- 
sic polyhedron approximate to a shape of a 3D object, 
50 a detailed vertex determining step of determining verti- 
ces of a polyhedron in a level of approximation to the 
object that is higher than the basic polyhedron progres- 
sively based on the level of approximation, and a de- 
tailed vertex coordinate calculating step of calculating 
55 coordinates of vertices of a progressively determined 
polyhedron in a coordinate system based on a plurality 
of predetermined vertices of a polyhedron in a level of 
approximation that is lower than the polyhedron. The de- 
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tailed vertex determining step and the detailed vertex 
coordinate calculating step are performed until the level 
of approximation reaches a predetermined level of ap- 
proximation. 

[0022] According to yet another aspect of the present 
invention, a 3D real-time graphics generator includes a 
rendering polygon number determinator for determining 
the number of polygons for rendering 3D polygon data, 
and a 3D polygon data producer for producing 3D pol- 
ygon data based on progressive polygon data generat- 
ed by the progressive polygon data generator of the 
present invention in accordance with the number of pol- 
ygons determined by the rendering polygon number de- 
terminator. 

[0023] Preferably, the 3D polygon data producer pro- 
duces 3D polygon data by determining vertices consti- 
tuting 3D polygon data for rendering an object in accord- 
ance with the number of polygons determined by the 
rendering polygon number determinator. The utilization 
of the progressive polygon data of the present invention 
makes it possible to produce 3D polygon data easily. 
[0024] Preferably, the 3D real-time graphics genera- 
tor of the present invention further includes a basic ver- 
tex changer for changing positions of vertices of the ba- 
sic polyhedron. When positions of vertices of the basic 
polyhedron are changed by the basic vertex changer, 
the 3D polygon data producer calculates absolute coor- 
dinates of detailed vertices whose positions are repre- 
sented by coordinates in a coordinate system deter- 
mined based on the vertices, based on changed posi- 
tions of the vertices. The sequential computation for de- 
tailed vertices after the change of the position of the ver- 
tices of the basic polyhedron makes it possible to move 
the object or change the shape of the object easily. 
[0025] In one embodiment of the present invention, 
the 3D real-time graphics generator further includes an 
animation data storage for storing a plurality of progres- 
sive polygon data added with information about render- 
ing timing, and an animation rendering controller for ren- 
dering 3D polygon data produced by the 3D polygon da- 
ta producer from the progressive polygon data stored in 
the animation data storage in accordance with the infor- 
mation about rendering timing. As described above, a 
plurality of polygon data representing movement ol the 
object or change in the shape are sequentially rendered 
at a predetermined timing so as to produce animation. 
The use of the present invention facilitates movement 
of the object and change in the shape or the like, so that 
the amount of work of the animator can be reduced. 
[0026] Preferably, the rendering polygon number de- 
terminator includes a moving speed calculator for cal- 
culating a moving speed of an object when 3D polygon 
data is rendered sequentially based on the plurality of 
progressive polygon data and the information about ren- 
dering timing stored in the animation data storage. The 
rendering polygon number determinator determines the 
number of polygons based on the moving speed calcu- 
lated by the moving speed calculator. When the moving 



speed is high, animation is naturally rendered even with 
a reduced number of polygons. Therefore, the reduction 
in the number of polygons for rendering an object makes 
it possible to render more objects. 

$ [0027] Preferably, the rendering polygon number de- 
terminator comprises a Z value obtainer for obtaining a 
Z value representing a distance from a viewpoint to a 
position of a rendered object from the progressive pol- 
ygon data. The rendering polygon number determinator 

10 determines the number of polygons based on the dis- 
tance obtained by the Z value obtainer. When the dis- 
tance between the viewpoint and the position of the ob- 
ject is long, the object can be rendered smoothly even 
with a reduced number of polygons. Therefore, the re- 

is duction in the number of polygons for rendering an ob- 
ject makes it possible to render more objects. 
[0028] Preferably, the rendering polygon number de- 
terminator determines the number of polygons based on 
information about system resources on which the object 

20 is rendered. For example, a suitable number of polygons 
depends on system resources such as processing per- 
formance of CPU, a capacity of a memory or the like. 
[0029] According to another aspect of the present in- 
vention, a method for generating 3D real-time graphics 

25 includes a rendering polygon number determining step 
of determining the number of polygons for rendering 3D 
polygon data, and a 3D polygon data producing step of 
producing 3D polygon data based on progressive poly- 
gon data generated by the progressive polygon data 

30 generator of the present invention, based on the number 
of polygons determined by the rendering polygon 
number determining step. 

[0030] According to still another aspect of the present 
invention, a computer-readable recording medium stor- 
es ing a program is provided. The program executing a 
process includes a rendering polygon number determin- 
ing step of determining the number of polygons for ren- 
dering 3D polygon data, and a 3D polygon data produc- 
ing step of producing 3D polygon data based on pro- 
40 gressive polygon data generated by the progressive pol- 
ygon data generator of the present invention, based on 
the number of polygons determined in the rendering pol- 
ygon number determining step. In the 3D polygon data 
producing step, the 3D polygon data is produced by de- 
45 termining vertices constituting the 3D polygon data for 
rendering an object, based on the number of polygons 
determined in the rendering polygon number determin- 
ing step. 

[0031] According to yet another aspect of the present 
50 invention, a computer-readable recording medium stor- 
ing progressive polygon data is provided. 3D polygon 
data representing an 3D object is produced based on 
the progressive polygon in accordance with a deter- 
mined number of polygons. The progressive polygon 
ss data includes information about vertices of a basic pol- 
yhedron approximate to a shape of the 3D object and 
information about a plurality - of detailed vertices ob- 
tained by sequentially computing vertices from the ver- 
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tices of the basic polyhedron in accordance with the de- 
termined number of polygons so that a polyhedron in a 
higher level of approximation to the 3D object is gener- 
ated. The information of the detailed vertices is repre- 
sented in the form of coordinates in a coordinate system 
determined based on a plurality of predetermined verti- 
ces of a polyhedron not including the detailed vertices. 
[0032] These and other advantages of the present in- 
vention will become apparent to those skilled in the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures. 
[0033] Figure 1 is a block diagram showing the struc- 
ture of a 3D real-time graphics generator according to 
one embodiment of the present invention. 
[0034] Figure 2 is a diagram showing an example of 
a data structure of original polygon data. 
[0035] Figure 3 is a view showing an example of a ob- 
ject for illustrating a method for generating progressive 
data for an object of a first embodiment. 
[0036] Figure 4 is a view for illustrating a process 
when converting original polygon data present in the vi- 
cinity of a cross-section 403 to control point data. 
[0037] Figure 5 is an enlarged view of a region 404. 
[0038] Figure 6 is a diagram showing example of re- 
sults of calculating all control points on the cross-section 
403. 

[0039] Figure 7 is a diagram illustrating a boundary 
and a starting point. 

[0040] Figure 8 is a diagram illustrating a median 
point. 

[0041] Figure 9 is a diagram illustrating a median point 

M 2 between a starting point S and a median point . 

[0042] Figure 10 is a diagram illustrating the case 

where another median point M 3 between the median 

point and the median point M 2 is obtained. 

[0043] Figure 11 is a diagram illustrating the relative 

coordinates of the median point M 3 . 

[0044] Figure 12 is a diagram showing an example of 

a data structure of progressive polygon data in the first 

embodiment. 

[0045] Figure 1 3 is a flow chart showing the process 
procedure of a controller when generating progressive 
polygon data in the first embodiment. 
[0046] Figure 14 is a view showing an example of a 
tetrahedron inscribed inside an object. 
[0047] Figure 15 is a view illustrating the process 
when forming a tetrahedron one face ot which is in- 
scribed inside the object. 

[0048] Figure 16 is a view showing how another tet- 
rahedron is produced. 

[0049] Figure 17 is a diagram illustrating relative co- 
ordinates of new points. 

[0050] Figure 18 is a diagram showing an example of 
a data structure of progressive polygon data in a second 
embodiment. 

[0051] Figure 19 is a flow chart showing the process 
procedure of a controller when generating progressive 
polygon data in the second embodiment. 



[0052] Figure 20 is a flow chart showing the process 
procedure of a controller when controlling the number 
of polygon data for rendering. 

[0053] Figure 21 is a view when an example of a ob- 
s ject is rendered with 10,000 polygons. 

[0054] Figure 22 is a view when the object in Figure 

21 is rendered with 2,000 polygons. 

[0055] Figure 23 is a view when the object in Figure 

21 is rendered with 400 polygons. 
10 [0056] Figure 24 is a view when the object in Figure 

21 is rendered with 220 polygons. 

[0057] Figure 25 is a view when the object in Figure 

21 is rendered with 200 polygons. 

[0058] Figure 26 is a view when the object in Figure 
is 21 is viewed from above. 

[0059] Figure 27 is a view when the object in Figure 

22 is viewed from above. 

[0060] Figure 28 is a view when the object in Figure 

23 is viewed from above. 

20 [0061] Figure 29 is a view when the object in Figure 

24 is viewed from above. 

[0062] Figure 30 is a view when the object in Figure 

25 is viewed from above. 

[0063] Figures 31 A to 30E are views showing con- 
25 tracted objects. 

[0064] Figure 32 is a view illustrating the management 
of the number of polygons for rendering, depending on 
the rendering speed. 

[0065] Figure 33 is a view illustrating translation (par- 
30 allel movement) of an object 

[0066] Figure 34 is a view illustrating translation of the 
object. 

[0067] Figure 35 is a view illustrating translation of the 
object. 

35 [0068] Figure 36 is a view illustrating translation of the 
object. 

[0069] Figure 37 is a view illustrating translation of the 
object. 

[0070] Figure 38 is a view illustrating translation of the 
40 object. 

[0071] Figure 39 is a view illustrating translation of the 
object. 

[0072] Figure 40 is a view illustrating translation of the 
object. 

45 [0073] Figure 41 is a view illustrating partial transfor- 
mation of the object. 

[0074] Figure 42 is a view illustrating partial transfor- 
mation of the object. 

[0075] Figure 43 is a view illustrating partial transfor- 
50 mation of the object. 

[0076] Figure 44 is a view illustrating partial transfor- 
mation of the object. 

[0077] Figure 45 is a view illustrating partial transfor 
mation of the object. 
55 [0078] Figure 46 is a view illustrating partial transfor 
mation of the object. 

[0079] Figure 47 is a view illustrating partial transfor 
mation of the object. 
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[0080] Figure 48 is a view illustrating partial transfor- 
mation of the object. 

[0081] Figure 49 is a view illustrating entire transfor- 
mation of the object. 

[0082] Figure 50 is a view illustrating entire transfor- 
mation of the object. 

[0083] Figure 51 is a view illustrating entire transfor- 
mation of the object. 

[0084] Figure 52 is a view illustrating entire transfor- 
mation of the object. 

[0085] Figure 53 is a view illustrating entire transfor- 
mation of the object. 

[0086] Figure 54 is a view illustrating entire transfor- 
mation of the object. 

[0087] Figure 55 is a view illustrating entire transfor- 
mation of the object. 

[0088] Figure 56 is a view illustrating entire transfor- 
mation of the object. 

[0089] Figure 57 is a diagram showing an example of 
a recording medium. 

[0090] Hereinafter, the present invention will be de- 
scribed by way of embodiments with reference to the 
accompanying drawings. 

[0091 ] Figure 1 is a functional block diagram showing 
a structural example of a progressive polygon data gen- 
erator and a 3D real-time graphics generator of the 
present invention. In this embodiment, one apparatus 
can realize both the process for generating progressive 
polygon data and the process for generating 3D real- 
time graphics (hereinafter, the apparatus in this embod- 
iment is simply referred to as "3D real-time graphics 
generator"). However, as described later, the process 
for generating progressive polygon data and the proc- 
ess for generating 3D real-time graphics can be per- 
formed in separate apparatuses. 
[0092] As shown in Figure 1 , the 3D real-time graph- 
ics generator includes an input part 101, a controller 
1 02, an output part 1 03, an original polygon data storage 
1 04, a control point data storage 1 05, and a progressive 
polygon data storage 106. 

[0093] The user inputs and edits the polygon data with 
the input part 101. Specific examples of the input part 
101 are a keyboard or a mouse. 

[0094] The controller 102 controls the entire 3D real- 
time graphics generator of this embodiment. From the 
aspect of hardware, the controller 1 02 corresponds to a 
CPU and I/O interfaces between the CPU and the input/ 
output devices. The controller 102 realizes the process 
for generating progressive polygon data and the proc- 
ess for generating 3D real-time graphics according to 
the present invention with a program. The controller 102 
includes a control point converting part 1021 , a polygon 
progressing part 1022, an input receiving part 1023, a 
basic polygon data editing part 1024, a rendering poly- 
gon number calculating part 1025, a merging part 1026, 
and a 3D information rendering part 1 027 as functional 
parts. 

[0095] The original polygon data storage 104 stores 



polygon data generated by 3D geometric modeling. 
[0096] In the 3D real-time graphics generator of this 
embodiment, the 3D polygon data generating process 
is mainly performed by the control point converting part 

s 1021 and the polygon progressing part 1022, and the 
3D real-time graphics generating process is performed 
by the other parts. Therefore, the part for generating the 
progressive polygon data to be stored in the progressive 
polygon data storage 106 from the original polygon data 

10 stored in the original polygon storage 1 04 can be sepa- 
rated from the other parts and performed in another ap- 
paratus. Thus, the progressive polygon data generating 
process and the 3D real-time graphics generating proc- 
ess can be performed in separate apparatuses. The 

is process procedure of each part of the controller 1 02 will 
be detailed later. 

[0097] 3D real-time graphics like aredisplayed on out- 
put part 103, which can be for example an output device 
of a display apparatus. 

20 [0098] The original polygon data storage 1 04 stores 
original polygon data. Hereinafter, the data structure of 
the original polygon data will be described. 
[0099] Figure 2 is a diagram showing an example of 
a data structure of the original polygon data of this em- 

2S bodiment. As shown in Figure 2, original polygon data 
20 include vertex data 201 and triangle polygon data 
202. The vertex data 201 includes coordinates (X^,, Y v> 
of the vertex of a triangle modeled from a real object 
together with the identifier I D v of the vertex. The triangle 

30 polygon data 202 includes a set of identifiers I D v of three 
vertices forming a triangle face together with the identi- 
fier I D F of the triangle face. An identifier ID 0 203 is as- 
signed to each object and stored. In this embodiment, 
a triangle is used as the polygon, but a rectangle or other 

35 polygonal shapes can be used as well. 

[01 00] The control point data storage 1 05 stores con- 
trol point data converted from the original polygon data 
20. The data structure of the control point data will be 
detailed later. 

40 [0101] The progressive polygon data storage 106 
stores progressive polygon data generated by the pol- 
ygon progressing part 1 022 based on the control points. 
The progressive polygon data includes the most coarse 
polygon data in the uppermost level (hereinafter, re- 

45 f erred to as "basic polygon data") 1 061 and polygon da- 
ta in lower levels than the basic polygon data (hereinaf- 
ter, referred to as "detailed polygon data") 1062. The de- 
tailed polygon data 1062 represents detailed vertices 
obtained on the basis of the basic polygon data. Based 

50 on the detailed polygon data 1 062, more data lor poly- 
gons having smaller faces is generated. The polygon 
progressing process and the data structure of the pro- 
gressive polygon data including the basic polygon data 
1061 and the detailed polygon data 1062 generated by 

55 the polygon progressing process will be detailed later. 
[01 02] Next, the process procedure of each part of the 
controller 102 will be described. 

[0103] The control point converting part 1021 con- 
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verts the original polygon data 20 into control point data. 
The control point converting process will be detailed lat- 
er. 

[0104] The polygon progressing part 1022 generates 
progressive polygon data Irom the control point data. 
[01 05] The input receiving part 1 023 receives input in- 
structions for editing the basic polygon data 1061 from 
the input part 101. The editing process for the basic pol- 
ygon data 1061 will be detailed in the following. 
[01 06] The basic polygon data editing part 1 024 edits 
the basic polygon data 1061 in response to the input 
received by the input receiving part 1023. Specifically, 
currently available polygon editing software or the like 
can be used as the basic polygon data editing part 1 024. 
Edited basic polygon data can be stored separately from 
the basic polygon data that are not edited. 
[0107] The rendering polygon number calculating part 
1025 calculates the number of polygons for use in ren- 
dering an object on the output part 103. Here, the 
number of polygons for rendering corresponds to the 
number of levels of the detailed polygon data 1062 from 
the basic polygon data 1061 in the progressive polygon 
data. The method for calculating the rendering polygon 
number will be detailed later. 

[0108] The merging part 1026 performs a process of 
computing the detailed polygon data 1062 from the ba- 
sic polygon data 1061 , based on the rendering polygon 
number obtained by the rendering polygon number cal- 
culating part 1025 (hereinafter, referred to as "merging") 
and produces 3D polygon data for the object to be ren- 
dered on the output part 103. 

[0109] The 3D information rendering part 1027 re- 
ceives the 3D polygon data processed by the merging 
part 1 026 and renders the object on the output part 103. 
The 3D information rendering part 1027 stores a tool 
(not shown) for rendering the object on the output part 
103 with the 3D polygon data generated in the 3D real- 
time graphics generating process in this embodiment. 
Currently available software can be used for this tool. In 
the following embodiments, Softimage® by Microsoft 
Co. was used. However, other software can be used, as 
long as it can render a 3D object by obtaining data of 
vertices of polygons and data of surfaces formed by a 
plurality of vertices representing the 3D polygon data. 
[0110] The 3D real-time graphics generator having 
the above-described structure of the present invention 
will be described by way of embodiments and the proc- 
ess procedure of the controller 1 02 in each embodiment 
will be detailed. 

(Embodiment 1) 

[0111] First, Embodiment 1 of the present invention 
will be described with reference to the accompanying 
drawings. In this embodiment, a first method for gener- 
ating progressive polygon data from the original polygon 
data 20 will be described in detail. 
[0112] First, the concept of generating progressive 



polygon data from the original polygon data 20 accord- 
ing to a method of this embodiment will be described. 
[0113] Figure 3 is a view showing an example of an 
object, illustrating a method of this embodiment for gen- 
5 erating progressive polygon data from the original pol- 
ygon data 20. Figure 3 shows an object 401 whose orig- 
inal polygon data has been obtained previously by ge- 
ometric modeling on coordinate axes. In Figure 3, not 
all triangles representing the original polygon data are 
10 shown. According to the method of this embodiment, 
first an object 401 is bisected virtually while sequentially 
changing the z coordinate of a (x, y) plane 402 vertical 
to the z axis, and the coordinates on the boundary of a 
cross-section 403 are obtained. In this manner, the orig- 
1$ inal polygon data 20 is converted to control points. In 
this embodiment, the object is bisected in the (x, y) 
plane, but the object also can be bisected in the (y, z) 
plane or the (z, x) plane. 

[0114] Hereinafter, the processes up to a process of 
20 calculating the basic polygon data 1061 and the detailed 
polygon data 1062 will be outlined by taking as an ex- 
ample the cross-section 403 obtained by virtually bisect- 
ing the object 401 in the (x, y) plane 402 at a z coordinate 
of Z v 

2S [0115] Figure 4 is a view for illustrating a process 
when converting the original polygon data 20 in the vi- 
cinity of the cross-section 403 to control point data. As 
shown in a region 404 of Figure 4, many faces repre- 
sented by the original polygon data intersect the cross- 
30 section 403 in the vicinity of the cross-section 403. Fig- 
ure 5 shows an enlarged view of the region 404 shown 
in Figure 4. 

[0116] Now, it is assumed that the coordinates of the 
vertices A, B and C of a triangle 405 represented by the 
35 original polygon data 20 that intersects the cross-sec- 
tion 403 are (X a , Y a , Z a , (X b , Y b , Z b ), and (X^ Y C! Z c ), 
respectively. The coordinates of the points on line seg- 
ments AB and AC with the z coordinate of Z^ can be 
obtained. The point on the line segment AB with the z 
40 coordinate of Z n is represented by P, and the point on 
the line segment AC with the z coordinate of Zj is rep- 
resented by Q. The coordinates (Xp, Y p , Z p ) of P and the 
coordinates (\, Y q , ZJ of Q can be obtained with the 
following equations. 

45 

Xp = XaX(^-Z b )/(Z a -Z b ) 

so Y p = Y a X(Z 1 -Z b )/(Z a -Z b ) 

Z P = Z 1 
X q = X a X(Z n -Z c )/(Z a -Z c ) 
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Y q = Y a X( Zl -Z c )/(Z a -Z c ) 

Z q = Z 1 

[0117] The thus obtained points are allotted as "con- 
trol points". 

[01 1 8] All the triangles represented by the original pol- 
ygon data that intersect the cross-section 403 are sub- 
jected to the above-described process, so that the co- 
ordinates of control points in the cross-section 403 can 
be obtained. Figure 6 is a diagram showing an example 
of results of the calculation for all the control points in 
the cross-section 403. In Figure 6, black squares denote 
the control points. 

[0119] The thus obtained coordinates of the control 
points are used to perform a polygon progressing proc- 
ess. Figure 7 is a diagram for illustrating a boundary and 
a starting point in the polygon progressing process. As 
shown in Figure 7, a line segment is formed between 
each pair of adjacent control points so as to form a 
boundary 406, and then a starting point S is selected 
from the control points on the boundary 406. Any control 
point among the control points on the boundary 406 can 
be selected as the starting point S. In this embodiment, 
the point closest to the x axis is selected as the starting 
point S. In Figure 7, a cross denotes the starting point S. 
[01 20] The coordinates of the control points obtained 
in the above-described process define the length of the 
boundary 406. Therefore, the coordinates of a median 
point that lies in the middle of the full length of the bound- 
ary 406 starting from the starting point S can be ob- 
tained. Figure 8 is a diagram showing an example of 
results of the calculation for the median point In Figure 
8, Iv^ denotes the median point. According to the defi- 
nition of the median point, the length from the starting 
point S to the median point M 1 on the boundary 406 
along the upper path in Figure 8, which is denoted by 
Lq 1( is equal to that along the lower path, which is de- 
noted L' ov 

[0121] Next, a length l 01 of a line segment between 
the starting point S and the median point M 1 is compared 
with the length Lq V When the absolute value (ILqi-Ioi 1 ) 
of the difference between the lengths l 01 and is be- 
low a predetermined value e , the polygon progressing 
process is not performed any more. 
[0122] On the other hand, when the absolute value 
(ILq-j-Iqi I) of the difference between the lengths l 01 and 
Lo-, is equal to a predetermined value e or more, a me- 
dian point between the starting point S and the median 
point M 1 is further obtained. Figure 9 is a diagram show- 
ing the median point between the starting point S and 
the median point M v In Figure 9, M 2 denotes the median 
point between the starting point S and the median point 
M v According to the definition of the median point, the 
length from the starting point S to the median point Mg 
on the boundary 406, which is denoted by L^, is equal 



to the length from the starting point M-, to the median 
point M2, which is denoted L 12 

[01 23] Another point M' 2 on the other side can be ob- 
tained as the median point between the starting point S 
5 and the median point M 1 , but subsequent processes will 
be described by taking the median point Mg as an ex- 
ample. The process described below also can be ap- 
plied to the median point M' 2 . 

[0124] In Figure 9, Lq 2 denotes a length from the start- 
10 ing point S to the median point M 2 on the boundary 406, 
as described above, and Iq 2 denotes a length of a line 
segment SM 2 . Similarly, L 12 denotes a length from the 
median points M n and M 2 on the boundary 406, as de- 
scribed above, and l 12 denotes a length of a line seg- 
15 ment MjM^ 

[0125] The lengths Lq 2 and L 12 are equal, but the 
lengths l^and l 12 are different. In the same manner as 
described above, a difference between and l 02 and 
a difference between L 12 and l 12 are obtained, and the 
20 absolute value (ILo 2 - l^l) of the difference between Lq 2 
and l 02 and the absolute value (IL-^-K, 2 I) of the difference 
between L 12 and l 12 are compared with a predetermined 
value e. When these are below the predetermined value 
e, no further median point is obtained. On the other 
2 s hand, when the absolute value of the difference is equal 
to e or more, a further median point between the starting 
point and the median point or between the median 
points is obtained. This iterative process makes it pos- 
sible to obtain progressive vertex data that is allotted for 
30 a portion of a complex shape in detail (lower) levels and 
progressive vertex data that is allotted for a portion of a 
simple shape in coarse (upper) levels. These processes 
are performed on the side of the median point M' 2 as 
well. Figure 10 is a diagram for illustrating the case 
35 where a further median point M 3 is obtained between 
the median points and M 2 . In the example shown in 
Figure 10, since the absolute value (IL^-I^I) of the dif- 
ference between L^and l 02 is below the predetermined 
value e, there is no need to obtain a further median point 
40 between the starting point S and the median point rv^. 
However, since the absolute value (IL 12 - l 12 l) of the dif- 
ference between L 12 and l 12 is equal to the predeter- 
mined value € or more, a further median point M 3 is ob- 
tained between the median points and M 2 . 
45 [0126] Thereafter, the same process is performed re- 
cursively until the difference between the length L on the 
boundary 406 and the length 1 of a line segment be- 
tween median points is below a predetermined value e 
with respect to all median points so that progressive ver- 
50 tex data can be obtained. In the example shown in Fig- 
ure 10, since the absolute value (IL^ 3 - l 13 l) of the differ- 
ence between L 13 and l 13 is below the predetermined 
value e , there is no need to obtain afurther median point 
between the starting point Iv^ and the median point M 3 . 
55 However, since the absolute value (IL 23 - l 23 l) of the dif- 
ference between L 23 and l 23 is equal to the predeter- 
mined value e or more, a further median point M 4 is ob- 
tained between the median points M 2 and M 3 . 
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[0127] The thus obtained starting point S and median 
points M 1( M 2 , M 3l ... constitute vertex data in the form 
of progressive polygon data. The starting point S and 
the median points Iv^ and M 2 (and M' 2 ) obtained in the 
early stage constitute the basic polygon data 1 061 , and 
the median point M 3 and other detailed median points 
following M 3 constitute the detailed polygon data 1062 
for a larger number of polygons, which are sequentially 
computed from the basic polygon data 1061 . 
[0128] Hereinafter, a process of calculating relative 
coordinates as information about the position of the ver- 
tex that constitutes the detailed polygon data 1062 will 
be described. The basic polygon data 1061 is used 
when the number of polygons for displaying on the 
screen is the smallest. Therefore, the basic polygon da- 
ta 1061 can be stored in the form of absolute coordi- 
nates, that means coordinates with respect to the origin 
of coordinate axes. However, the detailed polygon data 
1062 is sequentially computed dynamically to produce 
3D polygon data, even if the basic polygon data is edited 
by the basic polygon data editing part 1 024. Therefore, 
the detailed polygon data 1062 cannot be stored in the 
form of absolute coordinates. 

[0129] Therefore, in this embodiment, for example, 
the median point M 3 is stored with relative coordinates 
to the median points M n and 

[0130] Figure 11 is a diagram for illustrating relative 
coordinates of the median point M 3 . Vectors from the 
origin O in the (x : y) plane including the median points 
M t and M 2 to the median points M 1 and M 2 are denoted 
by m t and m 2 respectively. A vector m 3 from the origin 
O to the median point M 3 is represented by (am^ + txr\ 2 ) 
by suitably selecting real numbers a and b. Therefore, 
storing information about the vector m 1 and the vector 
m 2 and values for the real numbers a and b as data rep- 
resenting the median M 3 makes it possible to regener- 
ate the median point M 3 in an appropriate relative posi- 
tion, even if the median points M 1 and M 2 are shifted 
due to a transformation process or the like. 
[0131] Thus, progressive vertex data with respect to 
the cross-section 403 having a z coordinate of can 
be obtained. This process is performed by changing the 
z coordinate, so that progressive vertex data for the en- 
tire object 401 can be obtained. 

[0132] However, in order to obtain progressive poly- 
gon data from the progressive vertex data, triangles are 
formed in a level of interest by selecting suitable verti- 
ces. This is because to render an object on general 3D 
rendering software, in addition to the data concerning 
vertices forming a polygon, data concerning a face of 
the polygon is necessary in many cases. 
[0133] Therefore, in order to obtain progressive poly- 
gon data from the progressive vertex data obtained ac- 
cording to the method of this embodiment, a process of 
grouping vertices forming triangles is performed with re- 
spect to the vertex data obtained in each level. More 
specifically, the coordinates of the basic vertex data in 
a cross-section are compared with those in another 



cross-section with one stage difference in the z coordi- 
nate, and vertices of a triangle constituting the basic pol- 
ygon data are grouped When obtaining detailed vertex 
data, the level of the hierarchy is also stored. The de- 
s tailed vertices can be grouped in the level of interest by 
referring the stored level, so that a combination of ver- 
tices of a triangle forming the detailed polygon data can 
be obtained. 

[01 34] Figure 1 2 is a diagram showing an example of 
10 a data structure of the thus obtained progressive poly- 
gon data. The data structure of the progressive polygon 
data shown in Figure 12 will be more specifically de- 
scribed below. 

[0135] Progressive polygon data 30 includes step 
is number data 301 , vertex step data 302, face step data 
303, basic polygon vertex data 304, detailed polygon 
vertex data 305 and face data 306. An object identifier 
307 is assigned to each object. 

[0136] Herein, "step number" refers to the number of 
20 times that the computing of the detailed polygon data is 
iterated, starting from the basic polygon data. In order 
words, a larger number of steps means a larger number 
of polygons. 

[0137] The step number data 301 includes the maxi- 
25 mum number of steps with respect to an object and the 
number of vertices V t and the number of faces F, ob- 
tained by the maximum number of steps. 
[01 38] The number of vertices for every step number 
is stored as the vertex step data 302. In the progressive 
30 polygon data in this embodiment, step number O corre- 
sponds to the basic polygon data. In the vertex step data 
302, the number of vertices corresponding to step 
number 0 is the number of vertices of the basic polygon 
data. As the step number increases, the number of ver- 
35 tices increases as well. Eventually, all data up to the 
number of vertices corresponding to the maximum step 
number, which is stored as the step number data 301 , 
are stored as the vertex step data 302. The number of 
vertices corresponding to the maximum step number 
40 matches V t , which is stored as the step number data 
301. In the in-between step numbers, the vertex repre- 
sented by the detailed polygon vertex data 305, which 
will be described later, is sequentially computed until the 
number of vertices reaches V t . 
45 [01 39] When utilizing the progressive polygon data in 
this embodiment, a step number corresponding to a ren- 
dering polygon number is designated by the rendering 
polygon number calculating part 1025. In the merging 
part 1026, necessary progressive polygon data is ac- 
50 quired in accordance with the designated step number 
so as to produce the polygon data. Then, the polygon 
data is sent to the 3D information rendering part 1027. 
[0140] Absolute coordinates of vertices constituting 
the basic polygon data are stored together with the iden- 
55 tifiers for the vertices as the basic polygon vertex data 
304. The number of the basic polygon vertex data 304 
matches the number of vertices in step number 0 includ- 
ed in the vertex step data 302. 
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[0141] Relative coordinates of detailed vertices such 
as the median M 3 described earlier are stored in the de- 
tailed polygon vertex data 305. In this case, in order to 
represent the relative coordinates, the identifiers of ref- 
erence vertices that are referred to when the relative co- 
ordinates are obtained are stored. Since the progressive 
polygon data in this embodiment has the same z coor- 
dinate as the reference vertices, it suffices to store two 
points as the reference vertices. Therefore, in this em- 
bodiment, the detailed polygon vertex data 305 includes 
suitable real numbers a and b that determine the coor- 
dinates of the detailed vertex based on the sum of the 
vectors from the origin to the two reference vertices on 
the (x, y) plane, as described above. 
[01 42] A combination of identifiers of vertices forming 
a triangle in a level at a predetermined depth by the ba- 
sic polygon vertex data and the detailed polygon vertex 
data is stored as the polygon face data 306. The com- 
bination is assigned an identifier ID F for identifying a tri- 
angle face represented by the polygon face data. 
[0143] Next, the process procedure of the controller 
102 in generating progressive polygon data in the 3D 
real-time graphics generator in this embodiment will be 
described. This process is performed based on the 
above-described generation of the progressive polygon 
data. 

[0144] Figure 13 is a flow chart showing the process 
procedure of the controller 102 when a polygon pro- 
gressing process is performed. The process shown in 
Figure 13 is mainly performed by the control point con- 
verting part 1021 and the polygon progressing part 
1022. 

[0145] First, the control point converting part 1 021 se- 
lects an object for the polygon progressing process and 
acquires the original polygon data of the object from the 
original polygon data storage 104 (S1301). 
[0146] Next, the control point converting part 1021 
sets the coordinates of a cross-section in the manner 
described above (S1302). The cross-section is not nec- 
essarily orthogonal to the z axis, but can be set arbitrar- 
ily. 

[0147] Next, the control point converting part 1021 
performs the control point calculating process (S1 303). 
The method for calculating control points has been de- 
scribed, so that it is not further described here. The ob- 
tained control point data is stored in the control point 
data storage 105. 

[0148] Next, the polygon progressing part 1022 per- 
forms a polygon progressing process. First, the polygon 
progressing part 1022 calculates the coordinates of the 
starting point (S1 304) and calculates the coordinates of 
the first median point (S1305) with respect to the 
cross-section whose control points have been calculat- 
ed. 

[0149] In this process, the difference between a 
length L on the boundary and a length I of the line seg- 
ment with respect to the starting point and the median 
point M-, is calculated (S1306). When this difference is 



below a predetermined value e (S1 306: Yes), the calcu- 
lation stops without entering a polygon progressing loop 
thereafter, and a next cross-section is processed. 
[0150] When the difference is not below the predeter- 

5 mined value e (S1 306: No), the process proceeds to a 
polygon progressing loop (S1307). More specifically, 
the median point between the starting point and the me- 
dian point or between the median points is calculated 
(S1 308), the relative coordinates of the obtained median 

10 point are stored in the progressive polygon data storage 
106 (S1309). The difference between the length L on 
the boundary and the length I of the line segment with 
respect to the obtained median point is compared with 
the predetermined value e (S1310). 

is [0151] This recursive evaluation continues until the 
difference between the length I of the line segment and 
length L of the corresponding boundary becomes lower 
than the predetermined value e for all the median points. 
In this manner, the relative coordinates, which are vertex 

20 data of the detailed polygon data, can be obtained. 
[0152] The predetermined value e depends on such 
factors as the shape of the object, the performance of 
the machine or the like, and it is possible to predeter- 
mine and set a value that is suitable for the system re- 

2S sources. 

[0153] When the above-described recursive evalua- 
tion is completed with respect to one cross-section, the 
next cross-section is subjected to the recursive evalua- 
tion (S1311: No). When all cross-sections are subjected 

30 to the recursive evaluation, a combination of vertices 
forming a triangle as a polygon is obtained in the level 
of interest, so that polygons are formed in a level of in- 
terest (S1312). Thus, the polygon face data 306 is ob- 
tained. Furthermore, this process is repeated (S1313: 

35 No) until ail necessary objects have been processed. 
Thus, the necessary progressive polygon data can be 
eventually obtained. 

[0154] In the obtained progressive polygon data, as 
described above, the detailed polygon data is sequen- 
ce tially computed from the basic polygon data so as to 
generate progressive polygon data in accordance with 
the number of polygons for displaying graphics on the 
screen, so that 3D polygon data with a suitable number 
of polygons can be produced. 
45 [01 55] As described above, the use of the progressive 
polygon data generated by the method for generating 
progressive polygon data as described above makes it 
possible to take any forms in accordance with the 
number of polygons that can be used for displaying on 
so the screen and to reduce a storage area for polygon da- 
ta. 

(Embodiment 2) 



55 [0156] Next, a second embodiment of the present in- 
vention will be described with reference to the accom- 
panying drawings. 

[01 57] In this embodiment, a second method for gen- 
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erating progressive polygon data according to the 
present invention, namely, a second method for gener- 
ating the hierarchy of the original polygon data 20, will 
be described. 

[0158] The method for gen erating the hierarchy in this 
embodiment will be described in detail. 
[0159] Figure 14 shows an example of an object for 
explaining the concept in this embodiment. 
[0160] In this embodiment, as shown in Figure 14, a 
first tetrahedron 1402 that is inscribed inside an object 
1401 is formed virtually. The coordinates of the vertex 
of the first tetrahedron 1 402 represent vertex data of ba- 
sic polygon data. The coordinates of the vertex of the 
first tetrahedron 1402 can be designated by the user 
with a 3D information editing tool, or can be computed 
automatically. 

[01 61 ] Next, in this embodiment, progressive polygon 
data is generated by forming a new tetrahedron that 
shares one face with the first tetrahedron 1402. Figure 
15 shows an example of how to form a tetrahedron 
whose base is one face 1403 of the first tetrahedron. 
[01 62] As shown in Figure 1 5, in this embodiment, co- 
ordinates of a centroid G of the face 1403 of the first 
tetrahedron are calculated. Thereafter, the point at 
which a perpendicular line extending from the centroid 
G intersects the surface of the object 1401 is denoted 
by D. Then, a new tetrahedron can be formed having 
the point D as one vertex. Figure 1 6 shows the new tet- 
rahedron 1 404 formed in this manner 
[0163] In the first embodiment, the difference be- 
tween the length L on the boundary and the length i of 
the line segment is compared with a predetermined val- 
ue e . In this embodiment, the object 1 401 is segmented 
by a face formed by the shortest lines along the surface 
connecting the vertices of the tetrahedron. Then, a dif- 
ference between a surface area of the segmented part 
of the object 1 401 and an area of the corresponding face 
of the tetrahedron is compared with a predetermined 
value, so as to determine the level of hierarchy. 
[0164] More specifically, for example in Figure 16, the 
vertices of the face 1403 of the first tetrahedron are de- 
noted by T, U and W. The shortest lines along the sur- 
face connecting the vertex D of the new tetrahedron and 
the vertices T and U are denoted by TD, DU and TU. A 
difference between a surface area of a portion on the 
object 1401 segmented by the face formed by the lines 
TD, DU and TU and an area of a triangle TDU is calcu- 
lated. When the difference between the surface area of 
the portion and the area of the triangle is below a pre- 
determined value, it is determined that it is not neces- 
sary to form a new tetrahedron including the triangle 
TDU any more. When the difference between the sur- 
face area and the area is not below the predetermined 
value, the centroid of the triangle TDU is calculated so 
as to form a new tetrahedron with the same process as 
described above. 

[0165] The above-described process is repeated re- 
cursively until the difference becomes lower than the 



predetermined value with respect to all the faces. Thus, 
the progressive polygon data can be obtained. In the 
progressive polygon data in this embodiment, the coor- 
dinates of the vertex D of the new tetrahedron are stored 

5 in the form of relative coordinates in the coordinate sys- 
tem defined by using the vertices T, D and U forming a 
face of the first tetrahedron, more specifically, by using 
a vector from the vertex T to the vertex D and a vector 
from the vertex T to the vertex U and an outer product 

10 of the vectors. 

[0166] Figure 17 is a diagram for illustrating the rela- 
tive coordinates of a new vertex in detail. In Figure 17, 
it is assumed that corresponds to the vertex T, V 12 
corresponds to the vertex W, V 13 corresponds to the ver- 

is tex U, and V 1in corresponds to the new vertex D. When 
a vector from to V 12 is denoted by , and a vector 
from to V 13 is denoted by P 2 , a vector P 3 can be 
obtained as an outer product of the vectors P 1 and P 2 . 
[0167] The relative coordinates of the new vertex V in 

20 jn the coordinate system having the origin of can be 
represented with the vectors P 1t P 2 , and P 3 . More spe- 
cifically, = l in P n + m 111 P 2 + n in P 3 , where I, m and 
n are suitable real numbers. 

[0168] Figure 18 is an example of a data structure of 

2S the progressive polygon data in this embodiment. The 
progressive polygon data in this embodiment is different 
from that in the first embodiment in the content of the 
detailed polygon vertex data 305. This is because it is 
necessary to store three identifiers for three reference 

30 vertices in this embodiment. In other words, attributes 
of the vectors from the first vertex of the three vertices 
to the other two vertices and the outer products of the 
vectors are stored as m ini and n ni1 obtained in the 
above equation. Thus, the relative coordinates in the 

35 three dimensional coordinates are stored. , 
[0169] Similarly to the first embodiment, the detailed 
polygon data is sequentially computed from the basic 
polygon data so as to generate progressive polygon da- 
ta, so that 3D polygon data with a suitable number of 

40 polygons can be produced. In order words, as described 
above, since the coordinates of the new vertex are 
stored in the form of coordinates relative to one face of 
the original tetrahedron, a suitable 3D polygon data can 
be produced even when the basic polygon data 1061 is 

45 edited. 

[0170] The process procedure of the controller 102 
when generating progressive polygon data based on the 
above-described concept will be described below. 
[0171] Figure 1 9 is a flow chart showing the process 
so procedure of the controller 102 when generating pro- 
gressive polygon data according to the method of this 
embodiment. 

[01 72] First, an object is selected (S1 901 ), and the co- 
ordinates of the first tetrahedron as shown in Figure 15 
55 are determined with respect to the selected object 
(S1902). The coordinates can be determined automat- 
ically by the controller 102, or can be selected by the 
user. 
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[0173] Next, according to the above -described meth- 
od, the difference between an area of each face of the 
tetrahedron and a surface area of a corresponding por- 
tion of the object is calculated and compared with a pre- 
determined value (S1 903). When the difference is below 
the predetermined value with respect to all the faces of 
the tetrahedron (S1 903: Yes), there is no need tof urther 
perform the polygon progressing process. Then, the 
next object is selected. 

[01 74] When the difference is not below the predeter- 
mined value with respect to all the faces of the tetrahe- 
dron (S1903: No), the polygon progressing process is 
continued, as described above (S1904). More specifi- 
cally, the coordinates of the centroid of the face with re- 
spect to which the difference is not below the predeter- 
mined value is calculated (S1905), and the normal vec- 
tor is obtained (S1 906). Then, the relative coordinates 
of a new vertex are stored as the detailed polygon data 
(S1907). 

[01 75] When all the objects to be rendered have been 
subjected to this recursive evaluation (S1908:Yes), the 
polygon progressing process is complete. 
[01 76] As described above, the use of the progressive 
polygon data generated by the method for generating 
progressive polygon data as described above makes it 
possible to take any forms in accordance with the 
number of polygons that can be used for displaying on 
the screen and to reduce a storage area for polygon da- 
ta. 

(Embodiment 3) 



[0177] Next, a third embodiment of the present inven- 
tion will be described with reference to the accompany- 
ing drawings. 

[0178] In this embodiment, a method for managing 
the number of polygons for rendering in a 3D real-time 
graphics generator according to the present invention 
will be described. 

[0179] As described in Embodiments 1 and 2, the use 
of the progressive polygon data generated by the meth- 
ods of the present invention provides polygon data with 
a desired level of coarseness. An important issue is how 
to determine the number of polygons for rendering pol- 
ygon data. If the number of polygons can be determined 
by system resources for rendering, the system resourc- 
es for rendering are assigned as parameters, and the 
detailed polygon data is sequentially computed from the 
basic polygon data in accordance with the parameters. 
In this manner, polygon data with a desired level of 
coarseness can be obtained. 

[0180] Figure 20 is a flow chart showing the process 
procedure of the controller 102 when calculating the 
number of polygons for rendering in the 3D real-time 
graphics generator in this embodiment. This process is 
performed by the rendering polygon number calculating 
part 1 025, based on the progressive polygon data or the 
like. 



[0181] As shown in Figure 20, in the 3D real-time 
graphics generator in this embodiment, the number of 
polygons for an object to be rendered is managed based 
on the performance of the machine, the distance from 

s the user to the object in the virtual world displayed on 
the screen (hereinafter, referred to as "Z value") and the 
speed of the movement of the object. 
[01 82] The concept of the management of the number 
of polygons in the 3D real-time graphics generator of the 

w present invention will be described before discussing 
Figure 20 in detail. 

[0183] First, the management of the number of poly- 
gons by the Z value will be described. 
[0184] When an object is close to the user on the 

is screen, the shape of the polygon is recognized distinctly 
unless the object is rendered with a large number of pol- 
ygons. On the other hand, when the position of an object 
is far from the viewpoint, the rendered object is small, 
so that the detail shape of the polygon cannot be recog- 

20 nized by the user, even if the object is rendered with a 
small number of polygons. In order words, the number 
of polygons for rendering an object is changed dynam- 
ically depending on the Z value of the object, by using 
the progressive polygon data as described above. Thus, 

25 the procedures of the CPU and the board can be mini- 
mized. 

[01 85] Figures 21 to 25 show objects rendered with a 
variety of numbers of polygons, i.e., 10,000 polygons, 
2,000 polygons, 400 polygons, 220 polygons, and 200 
30 polygons, respectively. As shown in Figures 21 to 25, 
as the number of polygons becomes smaller, the shape 
of the polygon can be recognized distinctly Figures 26 
to 30 show the same object as Figures 21 to 25 when 
viewed from above. 
35 [01 86] Figures 31 A to 31 E show downscaled render- 
ing of the object according to the Z value (the Z value of 
the object in Figure 31 A is the largest). The rendered 
object of a large Z value looks natural, even though it is 
rendered with a small number of polygons. 
40 [0187] Since the 3D real-time graphics generator of 
the present invention produces polygon data progres- 
sively, polygon data that cannot be seen from the direc- 
tion of the camera (viewpoint) can be calculated. Gen- 
erally in a 3D graphics generator, a process of prevent- 
45 ing polygons that cannot be seen from the camera from 
being rendered is performed. In the 3D real-time graph- 
ics generator of the present invention, therefore, it is 
possible to determine at the time of the recursive eval- 
uation of polygon data whether or not the process 
so should be performed. 

[0188] Furthermore, generally, when the number of 
polygons is small, the edge of the object is conspicuous. 
However, the edge is rendered with a large number of 
polygons and the front of the object is rendered with a 
55 small number of polygons by referring to the relation be- 
tween the direction of the camera and the normal line of 
the object, so that graphics with high quality can be ren- 
dered with a small number of polygons. 
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[0189] Next, the management of the number of poly- 
gons based on the speed of the object will be described. 
[0190] When the action of the object is dynamic, the 
object can be rendered naturally with a small number of 
polygons. For example, in the case shown in Figure 32 
where an object moves at high speed, the object on the 
way of the movement can be rendered with a smaller 
number of polygons without giving any visual problem 
to the user. 

[0191] Therefore, when animation is rendered, the 
position of the object for every frame is managed and 
the speed of the movement of the object is calculated, 
so that the number of polygons can be reduced. The 
position of the object can be managed with respect to 
the entire object or part of the object. For example, in 
the case where only an arm of a human moves at high 
speed, the speed vector of the arm is managed sepa- 
rately, so that the number of polygons of the arm alone 
can be reduced. 

[01 92] Finally, the management of the number of pol- 
ygons based on the performance of the computer, the 
function or the like will be described. For example, in a 
computer with a high-performance board, an object can 
be rendered in real-time with 10,000 polygons, whereas 
the object has to be rendered with 500 polygons in a 
computer with a poor-performance board. For the de- 
termination of the maximum number of polygons that 
are allowed to be used for rendering, the capacity of 
memory should be considered. 

[0193] The rendering polygon number calculating 
process based on the above-described concept will be 
detailed below Referring back to the flowchart of Figure 
20, the procedures of the controller 102 in this embodi- 
ment will be described. 

[01 94] The controller 1 02 first acquires machine data 
(S2001). "Machine data" refers to information concern- 
ing the function, performance, etc. of the computer. It is 
not necessary to change this value even when objects 
are changed, and it suffices to acquire the value only 
once at the beginning. 

[0195] The machine data can be acquired by various 
methods. For example, the machine data can be as- 
signed by the user as a parameter. 
[0196] Thereafter, a Z value is acquired for every ob- 
ject (S2002), and position information of a centroid of 
the object for every frame stored in the progressive pol- 
ygon data storage 106 is acquired (S2003). The dis- 
tance of the movement of the object for every frame, i. 
e., the speed of the movement of the object, is calculat- 
ed (S2004). Based on these, the number of polygons is 
determined (S2005). The number of polygons is sent to 
the merging part 1026 in the form of the step number in 
the progressive polygon data, as described above. 
Therefore, the rendering polygon number calculating 
part 1025 in this embodiment stores a table indicating 
the correspondence between a specific number of pol- 
ygons that are allowed to be used and the step number. 
However, such a table is not always necessary. For ex- 



ample, the number of polygons can be sent to the merg- 
ing part 1026 in the form of a ratio to the maximum 
number. The steps S2002 to S2005 are performed for 
every object and when all the objects have been sub- 
s jected to the process of this embodiment, the whole 
process is complete (S2006). 

[0197] As described above, the use of the 3D real- 
time graphics generator makes it possible to render an 
object with a number ol polygons suitable for the system 
10 resources for rendering. 

(Embodiment 4) 

[0198] Next, a fourth embodiment of the present in- 
is vention will be described with reference to the accom- 
panying drawings. 

[0199] In this embodiment, a method for rendering an 
object that transforms dynamically with progressive pol- 
ygon data will be described. 
20 [0200] First, the concept of rendering an object that 
transforms dynamically with progressive polygon data 
will be described. As described in Embodiments 1 and 
2, the progressive polygon data generated according to 
the present invention includes the basic polygon data 
2$ 1061 representing an object with the smallest number 
of polygons and the detailed polygon data 1062 repre- 
senting vertices of polyhedrons that are sequentially 
computed starting from the basic polygon data 1061. 
The detailed polygon data 1062 is used to approximate 
30 the shape of the object represented by the basic polygon 
data 1 061 to the shape of the object represented by the 
original polygon data. 

[0201] The detailed polygon data 1 062 is represented 
by relative coordinates, as described above. Therefore, 
35 for example, the basic polygon data 1061 is changed 
via the basic polygon data editing part 1024 so as to 
transform an object, and then the detailed polygon data 
is sequentially computed from the changed basic poly- 
gon data representing the transformed object, so that 
40 the entire object can be transformed. 

[0202] First, in this embodiment, translation (parallel 
movement) of an object will be described. Figure 33 
shows an example of a object whose progressive poly- 
gon data has been obtained according to the method for 
45 generating progressive polygon data of the present in- 
vention. When this object is rendered with only the basic 
polygon data 1061, the representation is coarse, as 
seen in Figure 34 where the left leg is formed as a tri- 
angle. 

50 [0203] Thereafter, the coarse object is translated, e. 
g., moved in parallel to right or left, with an input device 
such as a mouse provided as the input part 101 Figure 
35 is a view showing the entire object that has moved 
to right. In this example, the object has been moved to 
right by 10% of the horizontal axis. The basic polygon 
data of the edited object is stored in the form of absolute 
coordinates in the progressive polygon data storage 1 06 
separately from the basic polygon data before editing. 
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Thereafter, the merging part 1026 sequentially com- 
putes the detailed polygon data 1062 starting from the 
basic polygon data. In this manner, the entire object can 
be translated, as shown in Figure 36. Figures 37 to 40 
are views showing the object shown in Figures 33 to 36 s 
that is subjected to the same process when viewed from 
above. 

[0204] In this embodiment, the object has been trans- 
lated directly from one position to another. However, an 
object positioned between the two positions shown in 
the example of this embodiment can be produced and 
can be rendered at every predetermined time, so that 
animation where the object is moving gradually can be 
produced. More specifically, information about timing at 
which objects are rendered is added to the progressive 
polygon data representing animation via the basic pol- 
ygon data editing part 1024, so that the merging part 
1026 and the 3D information rendering part 1027 per- 
form the process to render the object at the timing spec- 
ified by the information. Thus, animation can be ren- 
dered. 

[0205] As described above, the use of the 3D real- 
time graphics generator of this embodiment facilitates 
editing of an object. Thus : it is possible to reduce the 
amount of work of an animator, for example, in the pro- 
duction of animation where a plurality of graphics on 
which an object is gradually changing are generated and 
rendered continuously by a predetermined time. Fur- 
thermore, the use of the progressive polygon data of the 
present invention makes it possible for a computer to 
perform the process at high speed, because the com- 
puter has only to compute the amount of data of order 
(n) in the sequential computation for the detailed poly- 
gon data. That is, even if the complexity of a problem 
increases by n times, the amount of data for the com- 
putation increases only by n times. 

(Embodiment 5) 

[0206] Next, a fifth embodiment of the present inven- 
tion will be described with reference to the accompany- 
ing drawings. 

[0207] In this embodiment, the case where the object 
is partially transformed will be described. 
[0208] Figure 41 shows an example of a object whose 
progressive polygon data has been obtained according 
to the method for generating progressive polygon data 
of the present invention. When this object is rendered 
with only the basic polygon data 1061 , the representa- 
tion is coarse, as seen in Figure 42 where the left leg is 
formed as a triangle. 

[0209] Next, the positions of the vertices of polygons 
representing the left leg of this object are changed in the 
same manner as Embodiment 4. Figure 43 is a view 
showing the shape of the polygon mesh that has been 
transformed due to the change. 

[0210] Thereafter, the merging part 1 026 sequentially 
computes the detailed polygon data 1062, so that the 



lifting of the left leg of the object is rendered as shown 
in Figure 44. According to the method of the present in- 
vention, no cracks nor distortion is seen in the whole 
shape formed by polygons, as in Figure 44. Figures 45 
to 48 are views showing the objects that are subjected 
to the same process as Figures 41 to 44 when viewed 
from below on the left side. 

[0211] In this embodiment, the object has changed di- 
rectly from one shape to another shape. However, ob- 
jects with shapes on the way of the change between the 
two shapes shown in the example of this embodiment 
can be produced and can be rendered at every prede- 
termined time, so that animation where the object is 
gradually lifting its left leg can be produced, as in the 
case of Embodiment 4. 

[0212] As described above, the use of the 3D real- 
time graphics generator of this embodiment facilitates 
editing of an object. Thus, it is possible to reduce the 
amount of work of an animator, for example in produc- 
tion of animation where a plurality of graphics on which 
an object is gradually changing are generated and ren- 
dered continuously by a predetermined time. Further- 
more, the use of the progressive polygon data of the 
present invention makes it possible for a computer to 
perform the process at high speed, because the com- 
puter has only to compute the amount of data of order 
(n) in the sequential computation for the detailed poly- 
gon data. That is, even if the complexity of a problem 
increases by n times, the amount of data for the com- 
putation increases only by n times. 

(Embodiment 6) 

[0213] Next, a sixth embodiment of the present inven- 
tion will be described with reference to the accompany- 
ing drawings. 

[0214] In this embodiment, the case where the entire 
object is transformed will be described. 
[0215] Figure 49 shows an example of a object whose 
progressive polygon data has been obtained according 
to the method for generating progressive polygon data 
of the present invention. When this object is rendered 
with only the basic polygon data 1061, the representa- 
tion is coarse, as seen in Figure 50 where the left leg is 
formed as a triangle. 

[0216] Next, the positions of the vertices of polygons 
representing the left leg of this object are changed via 
the basic polygon data editing part 1024. Figure 51 is a 
view showing the shape of the polygon mesh that has 
been transformed due to the change. 
[0217] Thereafter, the same process as in Embodi- 
ment 4 is performed so that the swelling of the left leg 
of the object is rendered, as shown in Figure 52. Figures 
53 to 56 are views showing the objects that are subject- 
ed to the same process as Figures 49 to 52 when viewed 
from above. 

[0218] In this embodiment, the object has changed di- 
rectly from one shape to another shape. However, a plu- 
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rality of objects with shapes on the way of the change 
between the two shapes shown in the example of this 
embodiment can be produced and can be rendered at 
every predetermined time, so that animation where the 
left leg is gradually swollen can be produced, as in the 
case of Embodiment 4. 

[0219] As described above, the use of the 3D real- 
time graphics generator of this embodiment facilitates 
editing of an object. Thus : it is possible to reduce the 
amount of work of an animator, for example in produc- 
tion of animation where a plurality of graphics on which 
an object is gradually changing are generated and ren- 
dered continuously by a predetermined time. Further- 
more, the use of the progressive polygon data of the 
present invention makes it possible for a computer to 
perform the process at high speed, because the com- 
puter has only to compute the amount of data of order 
(n) in the sequential computation for the detailed poly- 
gon data. That is, even if the complexity of a problem 
increases by n times, the amount of data for the com- 
putation increases only by n times. 
[0220] In the above-described embodiments, as the 
method for generating progressive polygon data, the 
method of virtually bisecting a 3D object and the method 
of approximating a tetrahedron to the shape of the object 
progressively have been described. The effect of the 
present invention can be obtained when progressively 
detailed vertices are obtained and information about the 
positions of the obtained detailed vertices are stored in 
the form of relative coordinates. Methods for realizing 
the effect of the present invention are not limited to the 
methods that have been described above. 
[0221] A recording medium in which programs for re- 
alizing the progressive polygon data generator and the 
3D real-time graphics generator of the present invention 
are recorded can be not only a transportable recording 
medium 572 such as a CD-ROM 572-1 , or a floppy disk 
572-2, but also a remote accessible storage apparatus 
571 or an equipped storage medium such as a hard disk 
and a RAM of a computer, as shown in Figure 57. The 
program 574 is loaded into the main memory of a data 
processing apparatus, and executed. 
[0222] Furthermore, a recording medium storing the 
progressive polygon data generated according to the 
apparatus or the method for generating the progressive 
polygon data of the present invention can be not only a 
transportable recording medium 572 such as a CD- 
ROM 572-1 , or a floppy disk 572-2, but also a remote 
storage apparatus 571 or an equipped storage medium 
such as a hard disk and a RAM of a computer, as shown 
in Figure 57. For example, the recording medium can 
be read by a computer when the 3D real-time graphics 
generator of the present invention is utilized. 
[0223] As described above, the use of the apparatus 
and method for generating the progressive polygon data 
of the present invention makes it possible to deal with 
any number of rendering polygons, so that 3D polygon 
data that can be utilized for general purposes by ma- 



chines with various performances can be generated. 
Moreover, since the detailed polygon data is generated 
progressively, it is possible to reduce a storage area for 
3D polygon data. 
5 [0224] Furthermore, the use of the progressive poly- 
gon data generated according to the present invention 
makes it possible to reduce the amount of data proc- 
essed by the computer so that the computer can proc- 
ess data at high speed. 
10 [0225] Furthermore, the use of the apparatus and 
method for generating the 3D real-time graphics facili- 
tates editing of objects so that the amount of work of an 
animator can be reduced. 
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Claims 

1. A progressive polygon data generator comprising 

a basic vertex determinator'for determining ver- 
tices of a basic polyhedron approximate to a 
shape of a 3D object; 

a detailed vertex determinator for determining 
vertices of a polyhedron in a level of approxi- 
mation to the object that is higher than the basic 
polyhedron progressively based on the level of 
approximation; and 

a detailed vertex coordinate calculator for pro- 
gressively calculating coordinates of vertices of 
a polyhedron determined by the detailed vertex 
determinator in a coordinate system based on 
a plurality of predetermined vertices of a poly- 
hedron in a level of approximation that is lower 
than the polyhedron. 

2. The progressive polygon data generator according 
to claim 1 , wherein the basic vertex determinator 
determines vertices of the basic polyhedron by se- 
lection of an operator. 

3. A progressive polygon data generator comprising: 

a basic vertex determinator for determining ver- 
tices of polygons approximate to cross-sec- 
tions virtually segmenting a 3D object as verti- 
ces of a basic polyhedron approximate to a 
shape of the 3D object; 

a detailed vertex determinator for determining 
vertices of a polyhedron in a level of approxi- 
mation to the object that is higher than the basic 
polyhedron progressively based on the level of 
approximation; and 

a detailed vertex coordinate calculator for cal- 
culating coordinates of vertices of a polyhedron 
progressively determined by the detailed vertex 
determinator in a coordinate system based on 
a plurality of predetermined vertices of a poly- 
hedron in a level of approximation that is lower 
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than the polyhedron. 

The progressive polygon data generator according 
to claim 3, wherein 

when points at which line segments repre- 
sented by original polygon data obtained by geo- 
metric modeling ot the 3D object intersect a face 
virtually bisecting the object are selected as control 
points so as to lorm a second polygonal shape by 
connecting the control points, the polygon approxi- 
mate to each cross-section is a quadrilateral de- 
fined by four vertices that divide a total length of 
sides of the second polygonal shape into four equal 
lengths. 

The progressive polygon data generator according 
to claim 3 or 4, wherein the detailed vertex determi- 
nator progressively determines vertices of a poly- 
gon the number of which is increased so that the 
level of approximation to the cross-section is higher 
than the polygon approximate to the cross-section 
as detailed vertices, based on the increased 
number of vertices. 

, The progressive polygon data generator according 
to claim 4 or 5, 

wherein the detailed vertex determinator 
comprises: 

an approximation level calculator for calculat- 
ing a difference between a length of each side 
of the quadrilateral and a total length of sides 
of the second polygonal shape between both 
ends of each side of the quadrilateral; 
a comparator for comparing the difference cal- 
culated by the approximation level calculator 
with a predetermined value; and 
a progressive vertex determinator for determin- 
ing a point that divides into two equal lengths 
the total length of the sides of the second po- 
lygonal shape between both ends of the side of 
the quadrilateral as a vertex of a polygon in a 
higher level of approximation when the compa- 
rator determines that the difference is the pre- 
determined value or more, and not determining 
a vertex of a polygon in a higher level of approx- 
imation when the difference is determined to be 
smaller than the predetermined value, and 
when a vertex of a polygon in a higher level of 
approximation is determined by the progres- 
sive vertex determinator, the approximation 
level calculator calculates the difference with 
respect to a newly produced side of the polygon 
whose vertex is determined, and the progres- 
sive vertex determinator determines a vertex of 
a polygon in a higher level of approximation re- 
cursively, until the progressive vertex determi- 
nator no longer determines a vertex of a poly- 
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gon in a higher level of approximation. 

The progressive polygon data generator according 
to any of claims 1 to 5, 

wherein the detailed vertex determinator 
comprises: 

an approximation level calculator for calculat- 
ing a difference between an area of each face 
of the basic polyhedron and an area on a sur- 
face of the 3D object defined by line segments 
connecting vertices of each face of the basic 
polyhedron; 

a comparator for comparing the difference cal- 
culated by the approximation level calculator 
with a predetermined value; and 
a progressive vertex determinator for determin- 
ing a new vertex closer to the surface of the 3D 
object than the face when the comparator de- 
termines that the difference is the predeter- 
mined value or more, and not determining a 
new vertex when the difference is determined 
to be smaller than the predetermined value, 
and 

when a new vertex is determined by the pro- 
gressive vertex determinator, the approxima- 
tion level calculator calculates a difference in 
the area with respect to a polyhedron defined 
by the face and the new vertex, and the pro- 
gressive vertex determinator determines a ver- 
tex of a polygon in a higher level of approxima- 
tion recursively, until the progressive vertex de- 
terminator no longer determines a new vertex. 

The progressive polygon data generator according 
to claim 7, wherein the progressive vertex determi- 
nator determines as the new vertex a point at which 
a normal line from a centroid of a corresponding 
face of a polyhedron intersects a face represented 
by original polygon data obtained by geometric 
modeling of the 3D object. 

A method for generating progressive polygon data 
comprising: 

a basic vertex determining step of determining 
vertices of a basic polyhedron approximate to 
a shape of a 3D object; 

a detailed vertex determining step of determin- 
ing vertices of a polyhedron in a level of approx- 
imation to the object that is higher than the ba- 
sic polyhedron progressively based on the level 
of approximation; and 

a detailed vertex coordinate calculating step of 
calculating coordinates of vertices of a progres- 
sively determined polyhedron in a coordinate 
system based on a plurality of predetermined 
vertices of a polyhedron in a level of approxi- 
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mation that is lower than the polyhedron, 
wherein the detailed vertex determining step 
and the detailed vertex coordinate calculating 
step are performed until the level of approxima- 
tion reaches a predetermined level of approxi- 
mation. 

10. The method for generating progressive polygon da- 
ta according to claim 9, wherein the level of approx- 
imation is determined by comparing a difference be- 
tween an area of a face of a polyhedron defined by 
a vertex determined by the detailed vertex deter- 
mining step and a plurality of predetermined verti- 
ces used for determining a coordinate system in the 
detailed vertex calculating step and an area of a 
portion corresponding to the face of the polyhedron 
represented by original polygon data obtained by 
geometric modeling of the object with a predeter- 
mined value. 

11. A computer-readable recording medium storing a 
program, 

the program comprising: 

a basic vertex determining step of determining 
vertices of a basic polyhedron approximate to 
a shape of a 3D object; 

a detailed vertex determining step of determin- 
ing vertices of a polyhedron in a level of approx- 
imation to the object that is higher than the ba- 
sic polyhedron progressively based on the level 
of approximation; and 

a detailed vertex coordinate calculating step of 
calculating coordinates of vertices of a progres- 
sively determined polyhedron in a coordinate 
system based on a plurality of predetermined 
vertices of a polyhedron in a level of approxi- 
mation that is lower than the polyhedron, 
wherein the detailed vertex determining step 
and the detailed vertex coordinate calculating 
step are performed until the level of approxima- 
tion reaches a predetermined level of approxi- 
mation. 

12. A 3D real-time graphics generator comprising: 

a rendering polygon number determinator for 
determining the number of polygons for render- 
ing 3D polygon data; and 
a 3D polygon data producer for producing 3D 
polygon data based on progressive polygon da- 
ta generated by the progressive polygon data 
generator claimed in any one of claims 1 to 8 
in accordance with the number of polygons de- 
termined by the rendering polygon number de- 
terminator. 

13. The 3D real-time graphics generator according to 



claim 12, wherein the 3D polygon data producer 
produces 3D polygon data by determining vertices 
constituting 3D polygon data for rendering an object 
in accordance with the number of polygons deter- 
5 mined by the rendering polygon number determina- 
tor 

14. The 3D real-time graphics generator according to 
claim 12 or 13, further comprising a basic vertex 

io changer for changing positions of vertices of the ba- 
sic polyhedron, wherein 

when positions of vertices of the basic poly- 
hedron are changed by the basic vertex changer, 
the 3D polygon data producer calculates absolute 

is coordinates of detailed vertices whose positions are 
represented by coordinates in a coordinate system 
determined based on the vertices, based on 
changed positions of the vertices. 

20 15. The 3D real-time graphics generator according to 
any one of claims 12 to 14, further comprising: 

an animation data storage for storing a plurality 
of progressive polygon data added with infor- 

25 mation about rendering timing; and 

an animation rendering controller for rendering 
3D polygon data produced by the 3D polygon 
data producerf rom the progressive polygon da- 
ta stored in the animation data storage in ac- 

30 cordance with the information about rendering 

timing. 

16. The 3D real-time graphics generator according to 
claim 15, 

35 

wherein the rendering polygon number deter- 
minator comprises a moving speed calculator 
for calculating a moving speed of an object 
when 3D polygon data is rendered sequentially 

40 based on the plurality of progressive polygon 

data and the information about rendering timing 
stored in the animation data storage; and 
the rendering polygon number determinator de- 
termines the number of polygons based on the 

45 moving speed calculated by the moving speed 

calculator. 

17. The 3D real-time graphics generator according to 
claim 15 or 16, 

so 

wherein the rendering polygon number deter- 
minator comprises a 2 value obtainer for ob- 
taining a Z value representing a distance from 
a viewpoint to a position of a rendered object 
55 from the progressive polygon data; and 

the rendering polygon number determinator de- 
termines the number of polygons based on the 
distance obtained by the Z value obtainer. 
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18. The 3D real-time graphics generator according to 
any one of claims 1 5 to 17, wherein the rendering 
polygon number determinator determines the 
number of polygons based on information about 
system resources on which the object is rendered. 5 

1 9. A method for generating 3D real-time graphics com- 
prising: 

a rendering polygon number determining step 10 
of determining the number of polygons for ren- 
dering 3D polygon data; and 
a 3D polygon data producing step of producing 
3D polygon data based on progressive polygon 
data generated by the progressive polygon da- is 
ta generator claimed in any one of claims 1 to 
8, based on the number of polygons deter- 
mined by the rendering polygon number deter- 
mining step. 

20. A computer-readable recording medium storing a 
program, 

the program executing a process comprising: 

a rendering polygon number determining step 
of determining the number of polygons for ren- 
dering 3D polygon data; and 
a 3D polygon data producing step of producing 
3D polygon data based on progressive polygon 
data generated by the progressive polygon da- 
ta generator claimed in any one of claims 1 to 
8, based on the number of polygons deter- 
mined in the rendering polygon number deter- 
mining step, 

wherein in the 3D polygon data producing step, 
the 3D polygon data is produced by determin- 
ing vertices constituting the 3D polygon data for 
rendering an object, based on the number of 
polygons determined in the rendering polygon 
number determining step. 

21. A computer-readable recording medium storing 
progressive polygon data, 

wherein 3D polygon data representing an 3D 
object is produced based on the progressive 
polygon in accordance with a determined 
number of polygons, 

the progressive polygon data comprises infor- 
mation about vertices of a basic polyhedron ap- 
proximate to a shape of the 3D object and in- 
formation about a plurality of detailed vertices 
obtained by sequentially computing vertices 
from the vertices of the basic polyhedron in ac- 
cordance with the determined number of poly- 
gons so that a polyhedron in a higher level of 
approximation to the 3D object is generated, 
the information of the detailed vertices is rep- 



resented in the form of coordinates in a coordi- 
nate system determined based on a plurality of 
predetermined vertices of a polyhedron not in- 
cluding the detailed vertices. 
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